Objective: To examine the impact of sexuality education practices on adolescent birthrates while controlling for demographic characteristics and religious/ political factors at a state level.
B
Y AND LARGE, US ADOLEScent birthrates have been on the decline. From 1960 to the mid-1980s, adolescent birthrates gradually decreased by nearly 50%. [1] [2] [3] Progress stalled between 1985 and 1990, when adolescent birthrates increased by almost 20%. However, starting in 1991, adolescent birthrates restarted a significant and steady decrease (by 30%) that discontinued only briefly in 2006 and 2007. 4 In 2008, adolescent birthrates again decreased. Finally, in 2009, the rates hit the lowest point since records began 70 years ago, down 6% from the 2008 rate to 39.1 births per 1000 adolescent girls aged 15 to 19 years. 5 Still, the United States remains disproportionately affected by the rate of adolescent births compared with other developed countries. As a comparison, the United Kingdom has the highest adolescent birthrate in Europe, but it is only approximately half the adolescent birthrate in this country (2007 data: United Kingdom=26.7 births per 1000 girls aged [15] [16] [17] [18] [19] vs United States = 42.5 births). 6, 7 Similarly, the US adolescent birthrate is about 10 times as high as that in Switzerland (4.3 per 1000), which has the lowest adolescent birthrate in Europe.
Adolescents and parents agree that school-based programs should be an important source of formal education for adolescent sexual health. 8, 9 Yet, the literature examining the efficacy of current school-based sexuality education programs is mixed. [10] [11] [12] [13] [14] [15] [16] In 2010, a systematic review of abstinence education studies found insufficient evidence to support the intervention on the basis of inconsistent results across studies. 17 A similar review of comprehensive sexuality education (ie, a strategy that promotes behaviors that pre-vent or reduce the risk of pregnancy, human immunodeficiency virus [HIV] infection, and other sexually transmitted infections) concluded efficacy in reducing sexual risk behaviors, including engagement in any sexual activity, frequency of sexual activity, number of partners, and frequency of unprotected sexual activity. 18 Limited direct evidence of effectiveness for reducing pregnancy, however, was found. In a related review, a number of sexuality education programs (using mostly comprehensive strategies) reduced adolescents' sexual risk behaviors but were less effective in reducing rates of adolescent pregnancy. 19 To better understand associations between school-based sexuality education programs and adolescent sexual behaviors, these programs must continue to be rigorously examined. In this study, we evaluated longitudinal associations between adolescent birthrates (ie, births to girls aged 15-17 years) from 1997 through 2005 and state-level sexuality education program components from 1996 through 2004 that are presumed to be influencing adolescent sexual risk behaviors.
METHODS

DEPENDENT VARIABLE: ADOLESCENT BIRTHRATES
Given the unexplainable uptick in adolescent birthrates that occurred in 2006 and 2007, we examined only state adolescent birthrates for the years 1997 through 2005. State adolescent birthrates were measured as the number of live births per 1000 girls aged 15 to 17 each year from 1997 through 2005, using data from the Centers for Disease Control and Prevention. 20 These rates are based on the birth certificates registered in all states and made available from the National Center for Health Statistics at the Centers for Disease Control and Prevention.
PRIMARY INDEPENDENT VARIABLE: SEXUALITY EDUCATION
Data from the School Health Profiles (Profiles) was used to determine the proportion of schools within a state that provided instruction on sexuality education. 21 In 1995, the Centers for Disease Control and Prevention, in collaboration with state and local education and health agencies, developed Profiles to biennially document practices of public secondary schools. The principal or the school's lead health education teacher completes the self-administered questionnaire. Response rates are 70% or greater, and appropriate documentation is weighted to reflect the likelihood of principals or teachers being selected and to adjust for differing patterns of nonresponse. We used 1996 through 2004 Profiles data; data for 2006 Profiles were excluded because of a marked difference from prior years in the way that the public-access data were calculated. Eligible states (listed in Table 1 ) were the 24 that participated in and had weighted data for at least 3 of the 5 Profiles years (1996, 1998, 2000, 2002, and 2004) . Eight states participated in the Profiles with weighted data for 3 of the 5 years, 5 states for 4 years, and 11 states for all 5 years.
Participants were queried: "During this school year, have teachers in this school tried to increase student knowledge on each of the following topics in a required health education course in any of grades 6 through 12?" Responses were yes or no on various sexuality education topics listed in Table 2 . We also used an overall measure of sexuality education instruction for each state to represent an average score across all 13 sexuality education topics (hereafter referred to as the states' average score of all topics taught).
OTHER INDEPENDENT VARIABLES
The state-level poverty rate, race/ethnicity, and violent crime rate were considered in the analysis on the basis of existing literature that correlates them with adolescent sexual risk taking. 22 25 we used the average percentage of respondents in each state who endorsed the most religious answer across 8 questions about religion. Second, the political climate was an annual measure of state-level citizen preferences on a liberalconservative scale. 26 Third, the 2005 adolescent abortion law for each state (parental consent, parental notification, no law, law enjoined, or minor allowed) was also considered. 27 All procedures were approved by the Washington University Institutional Review Board.
STATISTICAL ANALYSIS
State adolescent birthrates over time (1997 through 2005) were modeled using linear mixed-effects models for repeated measures (repeated observations nested within states). The primary predictor was the annual percentage of schools within a state teaching sexuality education topics. Sexuality education topics were lagged 1 year for odd years and 2 years for even years (eg, 1996 Profiles data were used for 1997 and 1998, and 1998 Profiles data were used for 1999 and 2000). Because 2006 Profiles data were not used, 2004 Profiles were used for 3 years of data: 2005, 2006, and 2007. The relationship between the overall average of the sexuality education topics and adolescent birthrates was examined. In addition, the relationship between each specific sexuality education topic and adolescent birthrates was examined in separate univariate models. The year was included in the model to account for trends in adolescent birthrates that could not be explained by any of our measured variables over time. A quadratic polynomial trend was used because it fit the birthrate data better than a linear trend. Then, we adjusted for the demographic characteristics of the state as a block, and lastly we adjusted for the state religious/political climate variables as a block. For time-varying covariates (ie, the sex education variables, race, violent crime, and poverty), to separate the effects of differences within states over time (ie, within-state effects) and the effects of differences between states (ie, between-state effects), we included both the state's mean on the time-varying covariate (ie, a between-states variable) and the state's timevarying deviation around its mean (ie, a within-states variable) in the model. 28 Models included a random effect for state. A firstorder antedependence covariance structure was used. PϽ.05 was considered statistically significant. We used SAS, version 9.2 (SAS Institute, Inc), for statistical analyses.
RESULTS
From 1996 through 2004, most of the 24 states had relatively high percentages of schools teaching sexuality education topics, except for how to use a condom, which was taught to a much lower degree (Table 2) .
In 1997, the mean (SD) birthrate for girls aged 15 to 17 years old was 25.6 (8.4) births per 1000 girls; this gradually decreased to 17.7 (5.4) births per 1000 girls in 2005 ( Figure) . Other state demographic and political variables are presented averaged over time by state in Table 1 . New Hampshire had the lowest mean adolescent birthrate during the study period (9.7 births per 1000 girls), whereas Arkansas had the highest (34.8). Alaska had the lowest average score of all sexuality education topics taught (68.8%), whereas New York had the highest (91.0%).
There was a significant inverse relationship between a state's religiosity and the percentage of schools in the state teaching condom efficacy or how to correctly use a condom (averaged over time), indicating the more religious the state, the less condom education was taught (condom efficacy r=−0.48; P=.02; correct condom use r=−0.58; P=.003). The political ideology of a state was significantly associated with most of the sexuality education topics (significant r ranged from 0.43 to 0.68), indicating that the more liberal the state, the more sexuality education topics were taught. Political ideology was explored as a potential covariate in multivariable models but was not retained in the analysis because it was highly correlated with the sexuality education topics.
Results are presented in Table 3 for within-and between-state effects for each sexuality education topic, first in univariate analysis and then in a multivariable analysis that adjusts for time trend, state demographic variables, and state religious/abortion law variables, in that order. For time-varying covariates, within-state effects are represented in the model by the state's time-varying deviation around its mean, and between-state effects are represented in the model by the state's mean on the timevarying covariate. Adolescent birthrates over time could not be explained by within-state changes in most of the sexuality education topics over time, evidenced by the nonsignificance of the within-state effects of the sexuality education topics even in univariate analysis. The within-state effect of HIV infection prevention became significant in the final model, indicating that increasing education on HIV infection prevention within a state over time is associated with lower birthrates. Two states, Alabama and Idaho, increased their HIV infection prevention education over time to nearly perfect so that essentially all schools taught HIV infection prevention (Alabama from 94% to 100% and Idaho from 92% to 99%) and were thus influential in this finding. These states were not excluded from the model; however, more years of data with more states exhibiting changes in this topic over time may be necessary to validate these findings.
Many significant associations were found for betweenstate effects in univariate analysis. States with higher average percentages of schools teaching sexuality education topics had lower birthrates on average. Significant associations between sexuality education topics and adolescent birthrates were found for the states' average score of all topics taught and for 8 of the 13 topics (ie, HIV infection prevention, pregnancy prevention, sexually transmitted disease prevention, abstinence as the most effective method to avoid HIV infection, how HIV is transmitted, condom efficacy, how to correctly use a condom, and human sexuality). For example, a 1% increase in the states' average score of all topics taught was associated with 0.6 fewer births per 1000 girls aged 15 to 17 years (P =.001).
Adding time trend to the model had a minimal effect on the associations between the sexuality education topics and adolescent birthrates (step 1); however, for many of the sexuality education topics, the between-state effects lost significance when adjusting for both time trend and the demographic characteristics of the state (step 2). Specifically, this pattern was observed for HIV infection prevention, pregnancy prevention, sexually transmitted disease prevention, abstinence, how HIV is transmitted, and human sexuality. In the final step (step 3), adding the religious/abortion law variables to the model eliminated the remaining significant between-state effects for the states' average score of all topics taught and how to correctly use a condom. The between-state effect of con- WWW.ARCHPEDIATRICS.COM 137 dom efficacy changed from being associated with lower adolescent birthrates to being associated with higher birthrates when adding the religiosity and abortion law variables. The strong correlation of religiosity and abortion laws with condom efficacy may be causing the effect to turn in the opposite direction. The between-state effect of the influence of alcohol/drugs on HIV-related risk behaviors becomes significant when adjusting for all covariates, indicating that states teaching this topic in more schools have lower birthrates. This may be a true finding; however, this topic was queried only in the year 2002 and beyond, resulting in a model using only 3 years of data. This finding would need validation with more data. Of note, Delaware was excluded from specific HIV topic models (ie, HIV infection prevention, abstinence to avoid HIV, how HIV is transmitted, number of young people who contract HIV, and how to find information related to HIV) because it was disproportionately influential, indicated by large residuals (predicted adolescent birthrates were much lower than observed adolescent birthrates), large Cook's distance values, and large fixedeffects deletion estimates for these sexuality education topics.
Many state characteristics were significantly associated with adolescent birthrates in the full models. As an illustration, we provide details on the model that included the states' average score of all topics taught. Withinstate differences in race were significantly associated with birthrates; the higher the proportion of whites, the lower the birthrates (␤ = −0.58; P = .03). Between-state differences in poverty were also significant, with a higher average poverty level associated with a higher adolescent birthrate (␤=0.56; P =.005). Higher religiosity of a state was associated with higher adolescent birthrates (␤=0.25; P=.01). Compared with parental consent adolescent abortion laws, having no adolescent abortion law was significantly associated with lower adolescent birthrates (no law ␤=−7.2; P =.04). 
COMMENT
Birthrates for girls aged 15 to 17 years at the time of birth varied significantly across the examined states by as much as a 3-fold difference (from 9.7 live births per 1000 adolescent girls to 34.8). Increased state adolescent birthrates were associated with a higher proportion of poverty and minorities. In addition, conservative state characteristics (ie, higher religiosity and stricter abortion policies) were associated with higher adolescent birthrates. Within states, sexuality education changed very little over time and few significant within-state effects were found. Greater differences are present between states in the sexuality education, and many significant associations were found for between-state effects when comparing adolescent birthrates and sexuality education in univariate analyses. These findings are consistent with reviews of comprehensive sexuality education that concluded efficacy in reducing youth sexual risk behaviors. 18 Extending past reports by using a more comprehensive model of sexuality education, our main findings revealed that sexuality education was not associated with teen birthrates once religiosity measures and abortion policy were included in the analysis. Thus, the effects of sexuality education were constrained by state characteristics and do not independently explain the considerable variations in adolescent birthrates found across these states.
Separating the impact of state characteristics, such as social conservatism, religiosity, and abortion policy, from the impact of sexuality education on adolescent births is complex. Possibly states with more conservative political values and higher religiosity less fully implement the sexuality education programs, which in turn leads to higher adolescent birthrates. Another potential explanation is that the quality of sexuality education is similar across states but the educational messages are disregarded by adolescents who reside in more conservative and/or more religious states. Last, our findings may occur because adolescent girls who reside in states with more conservative political values and higher religiosity and stricter abortion policies are less likely to have an abortion compared with adolescent girls who reside in other states.
Regardless of the mechanism, there are some clear issues that states must face regarding adolescent births. First, births in girls aged 15 to 17 years are a public health issue with many potential adverse health and social consequences for mother and child. States with the highest conservative values paradoxically have the highest rate of adolescent births across these states and must pragmatically identify methods to reduce the rate of adolescent births. States with more conservative religious values and strict abortion policies can continue to support abstinence as the safest behavior, but we would urge that all states embrace comprehensive sexuality education. Even in states with conservative religious values and abortion restrictions, youth are becoming sexually active. These young girls must be knowledgeable about ways to protect themselves from unwanted pregnancy through the use of condoms or other contraceptives. Our findings underscore the strong influence of religiosity and abortion policies on adolescent birthrates above and beyond sexuality education. Policy makers, health care providers, researchers, and other key stakeholders must realistically address these confounding issues when evaluating and implementing sexuality education programs. The metric of the success or failure of the state policies should be the birthrate among 15-to 17-yearold girls.
The findings are limited by several factors. Foremost, findings are based on adolescent birthrates, not pregnancy rates. We opted to examine state-level birthrates over pregnancy rates because birthrates are based on highly complete, reliable, and accurate birth certificate data. 29 In comparison, state-level pregnancy data are released on an irregular basis. Moreover, the accuracy of pregnancy estimates relies on abortion and fetal loss data that are much less current, complete, and reliable than birthrate data. 29 Also, we cannot measure the quality of sexuality education. Furthermore, we had weighted Profiles data for 24 states that include good geographic and cultural variety. The advantages of using the Profiles data are that these are of high quality and no other data set measures delivery of sexuality education by state. Last, our state-level analysis is correlational and potentially overlooks other important determinants.
Despite these limitations, the implications are significant. We found considerable variation in adolescent birthrates across states. Teaching more sexuality education did not lower adolescent birthrates when accounting for state characteristics (ie, higher religiosity, stricter abortion policies, and sociodemographic characteristics). Thus, our findings suggest that religious and political values and related state-level social forces are important to consider in comprehensive analysis when examining the efficacy of sexuality education programs.
